Background: Evidence suggests that Ser326Cys, a genetic polymorphism of human 8-oxoguanine glycosylase 1 (hOGG1), is associated with insulin resistance and type 2 diabetes; however, the underlying mechanism is unclear. Recently, an animal study showed a significant association between the hOGG1 genotype and obesity, although evidence for such an association in humans is limited. The purpose of this study was to examine the association between the hOGG1 genotype and body mass index (BMI) and fasting blood glucose (FBG) levels. Methods: Cross-sectional analysis was conducted using the baseline survey data from a Japan Multi-Institutional Collaborative Cohort Study, which included 1793 participants aged 40-69 years. The hOGG1 polymorphism was detected using a multiplex polymerase chain reaction-based invader assay. Multiple linear regression, analysis of covariance, and logistic regression were used to control for confounding variables. Results: The Cys allele was significantly associated with increased BMI, FBG level, and total cholesterol (TC) level, even after adjustment for gender, age, energy intake, alcohol, smoking, physical activity, and family history of diabetes. An association with BMI was still observed after further adjustment for FBG and TC, but not for the study area (Amami or the mainland). The Cys/Cys genotype was significantly more prevalent in the participants with higher BMI (>27.5 kg/m 2 ). However, the impact of genotype decreased and significance disappeared after adjusting for the study area. Conclusions: The present results suggest that the study area being inside Japan confounds the association between hOGG1 genotype and obesity.
INTRODUCTION
Reactive oxygen species (ROS) are known to play an essential role in the pathogenesis of diabetes. 1 Several studies have reported that oxidative stress associated with insulin resistance, β cell dysfunction, impaired glucose tolerance, and mitochondrial dysfunction can ultimately lead to the diabetes disease state. [2] [3] [4] ROS also cause strand breaks and base modifications in DNA, including the oxidation of guanine residues to 8-hydroxy-2′-deoxyguanine . These ROS-induced mutations alter the function of various genes and influence the pathogenesis of several diseases, such as cancer, cardiovascular disease, neurodegenerative diseases, and diabetes. 1 Base-excision repair (BER) plays an important role in preventing such disease, and human 8-oxoguanine glycosylase 1 (hOGG1) is one of the key glycosylases involved in the BER system. 5 The Ser326Cys polymorphism of the highly polymorphic OGG1 gene has been studied the most because this polymorphism is associated with functional differences in enzyme activity 6 and loss of function. 7 However, most epidemiological studies of this polymorphism have focused on cancer susceptibility. [8] [9] [10] [11] [12] In the past decade, several studies have reported that the Ser326Cys hOGG1 polymorphism is associated with insulin resistance 13 and type 2 diabetes [14] [15] [16] [17] ; however, the underlying mechanism has not been elucidated. Obesity-associated insulin resistance is a major risk factor for type 2 diabetes, 18 and fat accumulation has been reported to be associated with systemic oxidative stress 19, 20 ; therefore, it may be possible to assess the risk of diabetes based on the association between the Ser326Cys hOGG1 polymorphism and body mass index (BMI). Recently, an animal study found that hOGG1 deficiency alters cellular substrate metabolism, which favors a sparing phenotype and increased susceptibility to obesity 21 ; however, evidence for such association between hOGG1 polymorphism and BMI in humans is limited. 14 The purpose of this study was to determine whether the hOGG1 Cys allele is associated with BMI and fasting glucose level. We also studied whether this association is modified by the effects of other factors.
METHODS

Study participants
The purpose of the Japan Multi-Institutional Collaborative Cohort (J-MICC) Study is to confirm and detect geneenvironment interactions for lifestyle-related diseases using a large genome cohort, as previously described. 22 Briefly, the J-MICC Study, which was initiated in 2005, included volunteers aged 35-69 years from 10 areas of Japan: Chiba, Shizuoka, Okazaki, Aichi, Takashima and Kyoto, which are located in Honshu Island; Tokushima, which is located in Shikoku Island; Fukuoka and Saga, which are located in Kyushu Island; and Amami, which is located 380 km southwest of Kyushu Island. Throughout this paper, we refer to Honshu Island, Shikoku Island, and Kyushu Island as "the mainland". In this cross-sectional study, data from 4512 participants throughout these areas were collected during the period of 2005-2008. 23 Written informed consent was obtained from all participants. The study protocol was approved by the Nagoya University School of Medicine ethics committees and other participating institutions.
Questionnaire and measurements
A self-administered questionnaire was used to collect data on alcohol consumption, smoking, dietary habits, physical activity, current medication, disease history, and firstdegree family history of diabetes. Details of the dietary assessment and estimation of physical activity were reported elsewhere. [24] [25] [26] [27] Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters (kg/m 2 ). We defined a BMI of >27.5 kg/m 2 as obese; increased mortality has been reported above this point among East Asians. 28 The HbA1c (%) and fasting blood glucose (FBG), triglyceride, total cholesterol, and HDL cholesterol levels were measured in laboratories in each study area, and the results of these measurements were collected. The HbA1c (%) value was converted from the Japan Diabetes Society (JDS) to the National Glycohemoglobin Standardization Program (NGSP) by using the following equation published by the JDS: NGSP (%) = 1.02 × JDS (%) + 0.25%. 29 Genotyping Genotyping was performed as described previously. 23 Single nucleotide polymorphisms, including the hOGG1 Ser326Cys (rs1052133), were genotyped using a multiplex polymerase chain reaction-based Invader assay (Third Wave Technologies, Madison, WI, USA) 30 at the Laboratory for Genotyping Development, Center for Genomic Medicine, RIKEN.
Statistical analysis
In the analysis, we excluded 2719 participants based on any of the following conditions: missing data of hOGG1 polymorphism (n = 11); missing FBG (n = 2627) data; taking type 2 diabetes medication (n = 89); or a dietary energy intake greater than 4000 kcal/day (n = 2). Consequently, data for 976 men and 817 women aged 35-69 years were retained for analysis. Among these participants, data on alcohol consumption (17 men and 23 women) or physical activity (5 men and 5 women) were missing for some participants.
All analyses were performed with the SAS statistical software package (Ver. 9.3 for Windows; SAS Institute, Cary, NC, USA). A P value of less than 0.05 was considered statistically significant.
To compare the characteristics of participants according to the hOGG1 genotype, we used the Kruskal-Wallis test for continuous variables and χ 2 tests for categorical variables. Adjusted means and their 95% confidence intervals (CIs) of BMI, FBG, and total cholesterol according to hOGG1 genotype were evaluated by least-squares general linear regression, and linear trends were assessed by the statistical significance of the regression coefficient of an ordinal variable for the factor under the following considerations: gender; age (continuous); energy intake (continuous); physical activity level (continuous); alcohol consumption status (never, former, or current drinker consuming 0.1-22.9, 23.0-45.9, or ≥46.0 g ethanol/day); smoking status (never, former, or current smoker of 1-19, 20-39, or ≥40 cigarettes/day); first-degree family history of diabetes (positive, negative, or unknown); study area (Amami or the mainland); BMI (continuous, for the evaluation of FBG and total cholesterol); FBG (continuous, for BMI and total cholesterol); and total cholesterol (continuous, for BMI and FBG). Odds ratios (ORs) and 95% CIs of hOGG1 genotype for excessive BMI (>27.5 kg/m 2 ) were estimated using logistic regression models adjusted for potential confounders (age, BMI, energy intake, alcohol consumption, smoking, physical activity, family history of diabetes, and study area).
RESULTS
The characteristics of study participants according to the hOGG1 Ser326Cys genotype are shown in Table 1 . The genotype distributions of the hOGG1 Ser326Cys gene among all participants followed the Hardy-Weinberg equilibrium (χ 2 = 0.511, P = 0.475). Genotype frequency was significantly different in the Amami area (P < 0.001). The Cys allele carriers had significantly higher mean BMI (P = 0.021) and FBG (P < 0.001) levels, and a higher proportion were current alcohol drinkers (P < 0.001). TC level tended to be higher in Cys allele carriers, although this difference was not statistically significant (P = 0.077).
After adjusting for possible confounding factors, such as gender, age, energy intake, physical activity level, ethanol intake, smoking, and family history of diabetes, the Cys allele was found to be significantly associated with higher BMI, FBG, and TC levels in a dose-dependent manner (all P < 0.05, Table 2 , Model 2). The association with BMI was still significant after further adjustment for FBG and TC (P = 0.02, Model 3). However, the significance disappeared after adjusting for study area (P = 0.23, Model 4).
Data for the evaluation of the association between obesity (BMI > 27.5 kg/m 2 ) and hOGG1 genotype using logistic regression analysis are shown in Table 3 . The prevalence of obesity in the Cys/Cys genotype was significantly greater after adjusting for gender, age, energy intake, physical activity level, ethanol intake, smoking, family history of diabetes, FBG, and TC (Model 3). Although Cys allele carriers tended to have a higher proportion of obesity, the significance of this association disappeared after adjusting for the study area (Model 4). The OR of the Amami area for obesity was 2.44 (95% CI 1.67-3.56), which was greater than that of the hOGG1 genotype.
DISCUSSION
In this cross-sectional study, we observed significant associations between the hOGG1 Cys/Cys genotype and higher BMI and incidence of obesity, after adjustment for possible confounding factors other than the study area. After adjusting for study area, however, this significance disappeared, suggesting that study area is a confounding factor. Despite this lack of association, Cys allele carriers tended to have a higher proportion of obesity than Ser/Ser. Several epidemiological studies have examined the associations between the Ser326Cys hOGG1 polymorphism and insulin resistance 13 and type 2 diabetes. [14] [15] [16] [17] Wang et al reported that the Cys/Cys variant significantly decreases insulin sensitivity, even after adjustment for possible confounders, including BMI, among the Taiwanese. 13 Three studies detected significant association between Ser326Cys hOGG1 polymorphism and diabetes. 14, 16, 17 Specifically, Daimon et al reported that decreased insulin secretion is associated with being a Cys allele carrier, measured by homeostatic model assessment beta cell function (HOMA-β) in a Japanese population, 14 while Gönül et al reported a significant association between the Cys allele and insulin resistance in a Turkish population, measured by HOMA-R. 17 On the other hand, one case-control study conducted in a Polish population failed to detect an association between this polymorphism and diabetes 15 due to limited sample size. Regarding obesity, an animal study showed significant association between the hOGG1 genotype and obesity, 21 and one epidemiological study reported a positive association between BMI and this polymorphism. 14 Our study showed no evidence of an association between this polymorphism and increased BMI and FBG.
In the present study, the study area had a significant impact on the prevalence of obesity. Among the studies reporting genetic differences between the Amami and the mainland populations, 23, 31, 32 two used data from the J-MICC study. 23, 32 Nishiyama et al found a low but significant level of genetic differentiation between the mainland population and the population of the Amami Islands, 32 while Wakai et al reported that some polymorphisms showed a substantial difference in minor allele frequency among the participating cohorts. 23 They proposed that genetic variation among the study areas should be considered when analyzing the data from the J-MICC study. According to the Japanese Single Nucleotide Polymorphisms (JSNP) database, the frequency of hOGG1 genotypes of Ser/Ser, Ser/Cys, and Cys/Cys was reported for 18%, 59%, and 23% of participants, respectively. 33 In this study, the genotype frequency of Ser/ Ser, Ser/Cys, and Cys/Cys polymorphisms in mainland Japan was 22.7%, 50.7%, and 26.6%, while those on Amami Island were 13.4%, 41.2%, and 45.4%, respectively. We found that the variation in the hOGG1 genotype Cys/Cys frequency between the Amami and the mainland could lead to a falsepositive result if the study area was not considered. This is known as confounding by population stratification, 34 which needs to be carefully considered in genetic epidemiology, even in the relatively homogeneous Japanese population. A significantly higher BMI in the Amami area may reflect population differences in genetic or environmental factors; therefore, further investigation is needed. This study has several methodological limitations. First, the cross-sectional nature of our study limits our ability to determine causation, even though we excluded participants who were on medication for type 2 diabetes. In addition, we did not have appropriate replication data accompanying this study. Second, although measuring fat accumulation using computed tomography scans or echograms is ideal, we used BMI to evaluate obesity. Misclassification of obesity may have therefore occurred; however, misclassification of obesity would be expected to lower estimations for the association. Third, there may be intrinsic information bias in our assessments of lifestyle-related factors, such as dietary and family history. However, if any misclassification were present, it would be non-differential by the hOGG1 genotype and would likely underestimate the true associations. Finally, although we adjusted for potential confounding factors in the multivariate analysis, residual confounding factors by known or unknown risk factors may have been present.
In conclusion, these results suggest that the hOGG1 Ser/ Cys genotype may have some influence on obesity, although its contribution is smaller than the influence of the study area. While our study found no associations of this genotype with BMI or FBG levels, we did find evidence of confounding by population stratification for these associations. This report may provide important information for genetic association analysis in the Japanese population.
